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(54) [Title Of The Invention] Silica Particle Composition For 
Extraction Of Nucleic Acid Or Protein 
(57) [Abstract] 

[Subject] The invention offers a silica particle composition 
dispersed to a high degree in an aqueous solution, and a reagent 
that easily extracts nucleic add or protein by using the said silica 
particle composition. 

[Means] Silica particle composition suspended in a salt solution 
containing alkali metal, alkali earth metal or halide of ammonia and 
sodium acetate or sodium thiocyanate where the silica particles 
are at least 0.5M, and/or suspended in a saccharide solution that 
is a solution of monosaccharide, polysaccharide or sugar alcohol 
that is at least 40 (W/V)%; a method of pouring the silica particle 
composition from a reagent vessel into a reaction vessel using the 
said silica particle composition in a pouring tool or pouring device; 
a reagent kit for extracting nucleic acid or protein contained in the 
said silica particle composition; and, a method of extracting the 
nucleic acid or protein. 
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[Scope Of Patent Claim] 

[Claim Paragraph 1] Silica particle composition for extraction 
of nucleic acid or protein characterized in that silica particles are 
suspended in a salt solution of inorganic salts or organic salts 
where they are at least 0.5 M and /or in a saccharide solution of 
monosaccharide, polysaccharide or sugar alcohol where they are 
at least 40 (W/V)%. 

[Claim Paragraph 2] Silica particle composition described in 
Claim Paragraph 1 where the silica particles are a complex of 
silicon dioxide crystals, silicon oxide crystals other than silicon 
dioxide crystals, diatomaceous earth, glass powder, chemically 
modified silica or silica combined with superparamagnetic metal 
oxides. 

[Claim Paragraph 3] Silica particle composition described in 
Claim Paragraph 1 where the specific gravity of the silica particles 
is 1.0 to 1.8. 

[Claim Paragraph 4] Silica particle composition described in 
Claim Paragraph 1 where the inorganic salt or organic salt solution 
is a solution containing alkali metal, alkali earth metal or ammonia 
halide, and sodium acetate or sodium thiocyanate. 

[Claim Paragraph 5] Silica particle composition described in 
Claim Paragraph 1 where the inorganic salt or organic salt solution 
is a salt solution selected from among a group comprising sodium 
chloride, sodium iodide, lithium chloride, lithium iodide, 
magnesium chloride, anunoruum acetate and sodiimi thiocyanate. 
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[Claim Paragraph 6] Silica particle composition described in 
Claim Paragraph 1 where the saccharide solution is a saccharide 
solution selected from among a group comprising glucose, 
saccharose, sorbitol or mannitol. 

[Claim Paragraph 7] Silica particle composition for extracting 
nucleic add or protein characterized in that silica particles-in a 
complex of superparamagnetic metal oxides with silicon dioxide 
crystals, silicon oxide crystals other than sihcon dioxide crystals, 
diatomaceous earth, glass powder, chemically modified silica or 
silica with the specific gravity being 1.0 to 1.8 and particle 
diameters being 0.1 to 100 p.m--are suspended in a solution 
containing alkali metal, alkali earth metal or anunonia halide and 
sodium acetate or sodium thiocyanate that are at least 0.5 M 
an/ or suspended in a saccharide solution of monosaccharide, 
polysaccharide or sugar alcohol that is at least 40 (W/V)%. 

[Claim Paragraph 8] Method of pouring a silica particle 
solution characterized in that it uses a pouring tool or a pouring 
implement to pour the silica particle compositions of any 1 claim 
among Claim Paragraphs 1 to 7 from a reagent vessel to a reaction 
vessel. 

[Claim Paragraph 9] Reagent kit used to extract nucleic acid 
or protein containing any of the silica particle compositions 
described in Claim Paragraphs 1 through 7, an adsorption 
reagent, a reagent for washing and a reagent for elution. 
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[Claim Paragraph 10] Reagent kit used to extract nucleic 
acid or protein described in Claim Paragraph 9 where reagent for 
adsorption contains a kaotropic reagent, a buffer solution and as 
required an organic solvent. 

[Claim Paragraph 11] Method of extracting nucleic acid or 
protein characterized in that cells contaiiung protein or nucleic 
add are mixed with any of the silica particle compositions 
described in Claim Paragraphs 1 through 7 and with a reagent for 
adsorption, the protein and nucleic acid are extracted from the 
said cells, the nucleic acid and protein are bonded to the said siUca 
particles, the residual ingredients are separated, and after 
washing the said silica particles, the nucleic acid and protein 
bonded to the said silica particles are eluted. 

[Detailed Explanation Of The Invention] 

[0001] 

[Industrial Field To Which The Invention Belongs] The 
present invention relates to a silica particle composition capable of 
being stably dispersed in aqueous solutions, and in further detail 
relates to a silica particle composition suspended in a salt solution 
at comparatively high concentrations and/or in a saccharide 
solution at high concentrations, and further relates to a method of 
pouring from a reagent vessel holding the said composition into a 
reaction vessel such as a reagent tube, microtube or plate, and to 
a reagent kit for extracting nucleic acid or protein containing the 
said composition, and to a method of extracting nucleic acid and 
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protein. The composition of the present invention can be applied 
for example in an automatic nucleic acid extraction apparatus that 
isolates nucleic acid utilizing the bonding of the nucleic acid onto 
silica particles. 
[0002] 

[Prior Technology] In recent years within the field of 
molecular chemistry, there have been many investigations carried 
out to separate such as deoxyribonucleic acid (DNA) and 
ribonucleic acid (RNA) from biological specimens and analyze 
them. Various methods have been considered for separating the 
DNA and RNA from the biological specimens, among which the 
method of bonding (adsorbing) the nucleic acid of such as DNA 
and RNA physically or specifically to the molecular surfaces of 
such as silica (as in Japanese Patent Disclosure Hei 2-289596) 
seems to be much in use because of its simplicity. However, 
particles with heavy specific gravities such as silica particles have 
poor dispersibility in aqueous solutions, leading to a situation 
where the operation of pouring the said particles from the 
reagent vessel to such as a microtube is necessarily one of 
particular difficulty. 

[0003] Methods have been devised to separate magnetic 
particles using magnetic force in order to automate these 
processes (as Japanese Patent Hei 4-501959, Japanese Patent Hei 
5-504095, Japanese Early Disclosure Hei 8-32027), and particularly 
in cases when complexes of particles such as silica and 
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superparamagnetic metal oxides were used, more pouring 
operations were required because they were heavier than 
conventional silica particles and their dispersibility was lower. 
Consequently, imder prior technology where magnetic silica 
particles suspended in water were poured from a reagent vessel 
into such as a microtube, it was necessary to stir the said particle 
aqueous solution vigorously and then complete the pouring in the 
short time period while the particles remained dispersed. Also, 
nonuniformities in concentration occurred easily in the solutions 
thus poured and there were many differences in particle 
concentrations because of the pouring sequences, making them 
unsuitable for quantitative analyses. 
[0004] 

[Problems To Be Resolved By The Invention] Accordingly 
there have been fervent hopes for being able to disperse heavy 
specific gravity silica particles in aqueous solutions for long 
periods of time, from the standpoints of easy pouring of the said 
particles from their reagent vessels to reaction vessels, and of 
pouring purity. The greatest hope was to use pouring apparatus 
for pouring of particle complexes of such as silica and 
superparamagnetic metal oxides into test tubes, microtubes or 
plates. An object of the present invention lies in offering a silica 
particle composition capable of a high degree of dispersion in 
aqueous solutions. 
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[0005] 

[Means For Resolving The Problems] The present inventors 
have carried out various investigations into dispersing heavy 
specific gravity silica particles in aqueous solutions, focusing on the 
compositions of the aqueous solutions and their concentrations. 
As a result, they discovered that it is possible to use solutions 
containing high concentrations of salts such as sodium chloride, 
sodium iodide, lithium chloride and ammonium acetate and/or 
saccharides such as saccharose and sorbitol to put heavy specific 
gravity silica particles into a dispersed state for long periods of 
time, and thus they perfected the present invention. 

[0006] That is, the present invention is a silica particle 
composition for extraction of nucleic add or protein characterized 
in that the siUca particles are suspended in a salt solution of 
inorganic or organic salts that are at least 0.5 M and/or a 
saccharide solution comprising monosaccharides, polysaccharides 
or sugar alcohols that are at least 40 (W/V)%. 

[0007] Also, the present invention is a method of pouring 
silica particle solutions characterized in that a pouring implement 
or device is used to pour the said silica particle compositions from 
reagent vessels to reaction vessels. 

[0008] Further, the present invention is a reagent kit for 
extracting nucleic acid or protein characterized in that it contains 
the said silica particle composition, a reagent for adsorption, a 
reagent for washing and a reagent for elution. 
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[0009] The present invention is a method of extracting 
nucleic acid or protein characterized in that it nuxes cells 
containing protein and nucleic acid with the said silica particle 
conaposition and adsorption reagent, removes protein and nucleic 
acid from the said cells, bonds the said nucleic acid or protein to 
the said silica particles, separates the residual ingredients, washes 
the said silica particles and finally elutes the said nucleic acid or 
protein bonded to the said silica particles. 

[0010] 

[Modes Of Working The Present Invention] Within the 
present invention, what are called silica particles are particles that 
contain silica, for example such as silicon dioxide crystals, other 
silicon oxides, diatomaceous earth, glass powder, chemically 
modified silica, and complexes of silica with superparamagnetic 
metal oxides. 

[0011] Silica particles constructed from these ingredients are 
substances having specific gravities heavier than water, ordinarily 
with specific gravities of 1.0 to 1.8, they precipitate when 
suspended in water to form hard pellets on the bottoms of 
vessels, and are ordinarily difficult to keep in a suspended state in 
aqueous solutions for long periods of time. Particles used for 
nucleic add adsorption in the field of molecular biology in 
particular often have diameters on the order of about 0.1 to 100 
Hm, and many of them have these properties. 



2259 



1 1 



[0012] The silica particle composition of the present 
invention is one that disperses silica particles having such 
properties in aqueous solutions at high concentrations. It is easy 
to predict that it will be possible to apply this technology to 
particles other than silica particles, such as latex particles, metal 
particles and modified metal particles. 

[0013] Examples of superparamagnetic metal oxides that 
may be offered are iron oxide (Fe304). An example of complexes 
of silica with the said superparamagnetic metal oxides are iron 
oxide (Fe304) added to an alcohol solution of tetraethoxysilane, 
where silica is deposited on the surface of the iron oxide (Fe304) 
under superparasonic wave dispersion. The dispersion thus 
obtained receives an addition of sodium silicate and is then 
emulsified with additions of organic solvent and surfactant (a 
toluene solution of sorbitan monostearate), to form a W/O type 
emulsion. An ammonium sulfate aqueous solution is added to this 
emulsion, followed by sufficient stirring. After this, it is separated 
by filtration, washed in water, precipitated with alcohol and dried 
to obtain the required globular silica particles. 

[0014] To offer an example of a complex of silica and 
superparamagnetic metal oxide: (1) the magnetic particles include 
superparamagnetic iron oxide, (2) the specific surface area is 100 
to 800 m2/g, (3) the said iron oxide is coated with silica, (4) it is 
further complexed with an inorganic porous wall substance 
constructed of nucrofine particles, (5) the weight of the said iron 
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oxide is 10 to 60 wt%, (6) the surface area pore diameters of the 
magnetic silica particles are 0.1 to 1.5 ml/g, and (8) the particle 
diameters of the silica particles are 0.1 to 100 and preferably 0.5 to 
15 Jim. 

[0015] Such a complex of silica and the said 
superparamagnetic metal oxide is exemplified as containing 
magnetic silica particles made by Suzuki Yushi [Suzuki Oil and Fat] 
and 30 (W/V)% iron oxide (Fe304), (particle diameters 1 to 10 
jim, specific surface area 280 m2/g, surface pore diameters 2 to 6 
nm, and pore volume 0.025 ml/g). 

[0016] The salt solution used with the present invention is 
an inorganic solution or organic solution, the inorganic salt 
solutions being solutions including alkali metals, alkali earth metals 
or ammonia halides or thiocyanate, for example aqueous solutions 
of sodium chloride, sodium iodide, lithium chloride, lithium iodide, 
magnesium chloride and sodium thiocyanate. The organic salt 
solutions are solutions including alkali metals, alkali earth metals or 
acetates of ammonia, for example aqueous solutions of sodium 
acetate, lithium acetate and magnesiiun acetate. These may also 
be used in combinations. Their concentrations will be at least 0.5 
M, and preferably will be high concentrations of 3 to 10 M. At 
less than 0.5 M, the dispersibility of the silica particles drops, and 
pouring purity declines. 
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[0017] The said solutions may also contain other 
ingredients, for example such as buffer solutions, chelating agents 
or surfactants. 

[0018] The saccharide solutions used with the present 
invention are solutions of monosaccharides, polysaccharides or 
sugar alcohols, for example including monosaccharides such as 
glucose, galactose and fructose, disaccharides such as saccharose, 
maltose and lactose, and sugar alcohols such as sorbitol, manitol 
and galacitol. These may also be used in combinations. The 
concentration of saccharides with the present invention will be at 
least 40 (W/V)%, and preferably 50 to 60 (W/V)%. At less than 
40 (W/V)%, the dispersibility of the silica particles drops, and 
there tends to be insufficient dispersion making it difficult to 
obtain satisfactory pouring purity. The said solutions may also 
contain other ingredients, for example such as preservatives, 
buffer solutions, chelating agents or surfactants. 

[0019] In regard to the dispersibility of the silica particles in 
aqueous solutions, the types and concentrations of substances 
dissolved in the solutions are important, and as a result there is a 
tendency for them to be high in salts such as sodium chloride, 
sodium iodide, lithium chloride, lithium iodide, magnesium chloride 
and ammonium acetate, or in saccharides such as saccharose and 
sorbitol. The same effect may be expected salts and saccharides 
other than these. With the present invention, saccharides may 
also be dissolved in salt solutions. 
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[0020] In the field of automatic pouring of the said silica 
particles from reagent vessels into such as microtubes that will be 
the reaction vessels, there is mainly an operation of pouring the 
suspended silica particles within about 5 minutes, making it 
important for dispersibility of the particles to last for at least 5 
minutes. When the silica particle composition of the present 
invention is used, particle dispersibility increases markedly within 
the 5 minute period compared to silica particles suspended in 
water, and it is clear that pouring purity rises, and it is possible to 
construct an automatic pouring system for applying the method of 
the present invention. Also, when the silica particle composition 
of the present invention is used, it is found that the particle 
dispersibility increases markedly after 5 minutes compared to 
ordinary suspensions in distilled water, and it is thought that it is 
also easy to resuspend precipitated particles. 

[0021] Considering the point of solution decay over long 
storage periods, salt solutions are preferred for suspensions of 
silica particles. But when saccharide solutions are used, 
preservatives should be added. Among salt solutions, the 
preferred are salt solutions such as sodium chloride, lithium 
chloride and magnesium chloride. From the standpoint of salt 
crystal deposition, lithium chloride in particular is most unlikely to 
form crystals and is therefore superior. 

[0022] In working the present invention, the said salt 
solutions of inorganic salts or organic salts and/or saccharide 
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solutions of monosaccharides, polysaccharides or sugar alcohols 
are used in a reaction system such as nucleic acid adsorption, and 
the types of solutions should be selected so that no damage is 
done to the said reaction systems. Particularly when adsorbing 
nucleic acid onto the silica particles, it is necessary to select 
solutions that will not affect the selectability and allowabiUty of 
the types and concentrations of ions used in the reaction system. 

[0023] The silica particle solutions following the present 
invention can maintain the dispersed states of particles such as 
heavy specific gravity silica in aqueous solutions over 
comparatively long time periods, and make it easy to pour from 
particle reagent vessels into such as test tubes, microtubes and 
plates serving as reaction vessels, particularly with automatic 
pouring equipment. The silica particle compositions of the present 
invention are used for such as nucleic acid extraction apparatus 
that utilize adsorption of the nucleic acid onto silica particles. But 
it is also possible to apply them to various applications that utilize 
silica particles, for example in fields such as cosmetic materials, 
paints and adhesives. 

[0024] One mode of working the present invention is with a 
composition that suspends a complex of particles of such as silica 
and superparamagnetic metal oxides (magnetic silica particles: 
diameters 1 to 10 \im) in about 0.5 to 5 M of sodium chloride or 
lithium chloride. By using this composition, it becomes possible to 
supply a stabilized particle suspension and have automatic pouring 
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of the magnetic silica particles, so that it becomes possible to apply 
it to such as apparatus for automatic extraction of nucleic acid. 

[0025] The silica particle composition of the present 
invention will also pour from a reagent vessel into such as a test 
tube, microtube or plate serving as the reaction vessel, using a 
pouring tool or pouring device. Pouring tools that may be 
considered are such as measuring pipettes, micropipettes and 
syringes. Pouring devices that may be considered are such as 
pipette type pouring devices using cylinders and pressure type 
pourers using pumps. Pouring methods to be considered are 
methods of pouring suspended solutions after inserting a cylinder 
inside the tube and methods of using the pressure of such as a 
pump in the tube to extrude from a nozzle. 

[0026] The reagent kit for nucleic acid or protein extraction 
of the present invention includes the said silica particle 
composition, an adsorption reagent for easily adsorbing nucleic 
acid or protein, a washing reagent for washing unspecified 
ingredients adsorbed to the particles and an elution reagent for 
eluting the nucleic add or protein from the particle surfaces. 
Adsorption reagents may be exemplified by kaotropic reagents 
such as guanidine salts, sodium iodide, potassium iodide, sodium 
thiocyanate (iso), urea or mixtures of these. Adsorption reagents 
may also contain buffers such as acetate buffer solutions, citric 
acid buffer solutions and tris buffer solutions, chelating agents 
such as ethylenedianunetetracetic acid tetrasodium salt (EDTA) 
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and /or organic solvents such as ethanol. Washing reagents may 
be ones that contain the above tropic substances or organic 
solvents such as ethanol. The washing reagents may also contain 
the said buffers and/ or chelating agents. Low salt concentration 
buffer solutions and water may be used in the elution reagents 
that elute the nucleic acid or proteins from the molecule surfaces. 
Ingredients in the adsorption solutions, washing solutions and 
elution solutions other than stated above can be selected in 
various combinations depending on the application. 

[0027] When extracting nucleic acid and proteins, it is 
necessary to carry out operations such as mixing, separation and 
heating of the reagents contained in the said reagent kit in a 
prescribed order. For example, cells containing proteins and 
nucleic acid are mixed with the said silica particle composition and 
a reagent for adsorbing nucleic acid or proteins, the proteins and 
nucleic acid are extracted from the said cells, the proteins and 
nucleic add are mixed with the said silica particles, the residual 
ingredients are separated, and after washing the said silica 
particles, the nucleic acid or proteins bonded to the silica particles 
are eluted to extract the nucleic acid or proteins. The eluted 
nucleic acid can be detected by a known detection method after 
amplification using a known nucleic acid amplification method. 
The method of extracting nucleic acid or protein of the present 
invention can be suitably used in preparing nucleic acid or protein 
for use in research or in clinical diagnostics. 
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[0028] 

[Examples] The present invention will next be explained 
specifically by means of examples. 

Example 1 Particle Precipitation Tests 
(1) Preparing Magnetic Silica Particle Suspensions 
Silica particle suspensions were prepared by making a 
suspension of 0.4 g of magnetic silica particles (particle diameters 1 
to 10 |Lim, containing 30% (W/V) of iron oxide (Fe304), specific 
surface area 280 m2/g, surface pore diameters 2 to 6 nm, pore 
volume 0.025 n\l/g: made by Suzuki Jushi [Suzuki Oil and Fat]) in 
microtubes holding 1 ml solutions containing the compounds 
shown below in Table 1. The reagents used in preparing the 
reagents below were made by NAKARAITESUKU Company, 
and the water used was distilled water. 
[0029] (2) Precipitation Tests 

The microtubes containing the respective magnetic silica 
particle suspensions prepared in (1) were mixed by tumbling for 
complete suspensions, and were taken in up to a scale of 1 ml with 
1 ml syringes (made by TEREMO Company, SS-OIT). Then the 
syringes were attached to standing test tubes, and after 5 
minutes the interfaces between the solution and the magnetic silica 
particles were measured for height, that is the height of the lines 
up to which a number of ml of particles precipitated. 
Measurements were made 2 times, and the average interface 
heights were divided by the interface heights at zero minutes to 
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obtain the dispersion rates. The results are also shown in Table 1. 
[0030] 

[Table 1] 

Dispersion Rates After Magnetic SiUca Particle Suspensions Were 
Let Stand For 5 Minutes 

Samples Dispersion Rates 

5 M sodium chloride solution 0.95 

5 M sodium iodide solution 0.99 

5 M lithium chloride solution 0.97 

4 M lithium chloride solution 0.94 
3 M lithium chloride solution 0.94 
2 M lithium chloride solution 0.94 
1 M lithium chloride solution 0.93 
0.5 M lithium chloride solution 0.90 
0.2 M lithium chloride solution 0.88 

5 M ammonium acetate solution 0.96 
2M magnesium chloride solution 0.95 
2 M potassium chloride solution 0.85 
5 M guanidine hydrochloride 0.89 
50% (W /V) saccharose solution l .00 
40% (W/V) saccharose solution 0.91 
25% (W/V) saccharose solution 0.83 
50% (W/V) sorbitol solution 0.99 
50% (W/V) glycerin solution 0.88 
Distilled water 0.70 
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[0031] As will be clear from Table I, high particle dispersion 
effects were found in salt solutions such as sodium chloride, 
sodium iodide, lithium chloride, ammonium chloride and 
magnesium chloride, and in saccharose solutions such as 
saccharose and sorbitol. These solutions maintained interfaces of 
90% or more compared to the distilled water solution whose 
interface fell to 70% after 5 minutes. This trend becomes more 
marked as solution concentrations became thicker, as will be 
understood after seeing that the 5 M sodium chloride solution, 
sodium iodide solution, lithium chloride solution, ammonium 
chloride solution and the 2 M magnesium chloride solution gave 
dispersion rates of 0,95 or more. 

[0032] In regard to salt concentration, the lithium chloride 
was conspicuous at 0.5 M and over, and even at 0.5 M its 
dispersibility was clearly higher than the high specific gravity 2 M 
potassium chloride solution. In regard to saccharide solution 
concentrations, the saccharose was outstanding at concentrations 
of 40% (W/V) or more. From these facts, it is clear that the effect 
of raising particle dispersibility is largely governed by the types of 
substances dissolved in the solutions and by their concentrations. 

[0033] The 5 M lithium chloride solution was compared with 
the distilled water for particle dispersion rates after 5 minutes and 
the difference was still conspicuous even after 30 minutes, and 
while the dispersion rate went to 0.4 or less in the distilled water 
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solution, it was 0.6 or more in the 5M lithium chloride suspension 
(see Fig. 1). 

[0034] Example 2 Pouring Tests 

(1) Preparation Of Particle Suspensions 

FoUowing the same method as in Example 1, 2 ml magnetic 
silica particle suspensions (5 M lithium chloride solution, distilled 
water) were prepared. 

[0035] 1.2 ml of magnetic silica particle suspensions of 
previously prepared 5 M lithium chloride in distilled water were 
taken into continuous pouring pipettes (made by 
EPPENDORUFU) that were fitted with 2.5 m capacity 
KONBICHIPPU's (made by EPPENDORUFU), and 19 of these 
were continuously poured for 5 seconds each and 50 ^il each in 
previously weight microtubes. At time of pouring, the pouring 
device was perpendicular to the bottom surface. After pouring 
was completed, the pour amounts were checked for near 
accuracy, the poured microtubes were weighed, and the 
previously weighed values were subtracted to calculate the 
weights of the poured particle solutions. 

[0036] These results are shown in Fig. 2. As will be 
apparent from Fig. 2, the pouring of magnetic siUca particles 
suspended in 5 M lithium chloride as compared to the pouring of 
the suspension in distilled water gave more stable numerical 
values. The pour weight CV (%) of the Uthium chloride 
suspension and the distilled water suspension (standard 
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variation/average value x 100)) were respectively 0.94% and 
3.26%. This difference will be inferred as being based on the 
concentration of magnetic particles contained in the poured 
suspensions. 

[0037] When continuously pouring suspensions in distilled 
water, the weight of the liquid poured gradually increases from 
the first up to the 13th time, and after the 13th time, shows a 
tendency to decrease gradually. This phenomenon can easily be 
anticipated from the results of Example I, and it may be expected 
that a concentration slope forms in the particle suspension. Thus, 
by using the method of the present invention, it becomes possible 
to pour a uniform silica suspension continuously. 

[0038] 

[Effect Of The Invention] By means of the present 
invention, it becomes possible to have silica particles of high 
specific gravity easily dispersed in aqueous solutions. The silica 
particle composition of the present invention can also be applied in 
such as nucleic acid extraction apparatus employing automatic 
pouring devices. Application of this method to purification of 
nucleic add and protein can give a more reliable and reproducible 
extraction effect than prior methods. 

[Brief Explanation Of The Drawings] 

[Fig. 1] This is a diagram showing the relation between the 
dispersion rate of a magnetic silica particle suspension and the 
time let stand. 
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[Fig. 2] This is a diagram showing variations in pouring 
weight at times when magnetic silica particle suspensions are 
continuously poured. 

[Fig. 1] 
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{Left:} Dispersion Rate 
{Bottom:} Time Left Standing (minutes) 
{Right:} 5M Lithium Chloride Solution - • - 
Distilled Water - o - 
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[Fig. 2] 




{Left:} Weight Of Poured Suspension (n\g) 

{Bottom:} Pour No. 

{Right:} 5M lithium Chloride -•- 

Distilled Water - o - 
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{Start New Document} 
[Procedural Revision] 

[Date Presented} June 2, 1997 

[Procedural Revision 1] 

[Object Of Revision] Specification 

[Object Of Revision Portion] Scope Of Patent Claim 

[Method Of Revision] Change 

[Content Of Revision] 

[Scope Of Patent Claim] 

[Claim Paragraph 1] Silica particle composition for extraction 
of nucleic acid or protein characterized in that silica particles are 
suspended in a salt solution of inorganic salts or organic salts 
where they are at least 0.5 M and /or in a saccharide solution of 
monosaccharide, polysaccharide or sugar alcohol where they are 
at least 40 (W/V)%. 

[Claim Paragraph 2] Silica particle composition described m 
Claim Paragraph 1 where the silica particles are a complex of 
silicon dioxide crystals, silicon oxide crystals other than silicon 
dioxide crystals, diatomaceous earth, glass powder, chenucally 
modified silica or silica combined with superparamagnetic metal 
oxides. 

[Claim Paragraph 3] Silica particle composition described in 
Claim Paragraph 1 where the inorganic salt or organic salt solution 
is a solution containing alkali metal, alkali earth metal or ammonia 
halide, and sodivun acetate or sodium thiocyanate. 
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[Claim Paragraph 4] Silica particle composition described in 
Claim Paragraph 1 where the inorganic salt or organic salt solution 
is a salt solution selected from among a group comprising sodium 
chloride, sodium iodide, lithium chloride, lithium iodide, 
magnesium chloride, ammonium acetate and sodium thiocyanate. 

[Claim Paragraph 5] SUica particle composition described in 
Claim Paragraph 1 where the saccharide solution is a saccharide 
solution selected from among a group comprising glucose, 
saccharose, sorbitol or mannitol. 

[Claim Paragraph 6] Silica particle composition for extracting 
nucleic add or protein characterized in that silica particles—in a 
complex of superparamagnetic metal oxides with silicon dioxide 
crystals, silicon oxide crystals other than silicon dioxide crystals, 
diatomaceous earth, glass powder, chemically modified silica or 
silica with the specific gravity being 1.0 to 1.8 and particle 
diameters being 0.1 to 100 jj.m--are suspended in a solution 
containing alkali metal, alkali earth metal or ammonia halide and 
sodium acetate or sodium thiocyanate that are at least 0.5 M 
an/or suspended in a saccharide solution of monosaccharide, 
polysaccharide or sugar alcohol that is at least 40 (W/V)%. 

[Claim Paragraph 7] Method of pouring a silica particle 
solution characterized in that it uses a pouring tool or a pouring 
implement to pour the silica particle compositions of any 1 claim 
among Claim Paragraphs 1 to 6 from a reagent vessel to a reaction 
vessel. 
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[Claim Paragraph 8] Reagent kit used to extract nucleic acid 
or protein containing any of the silica partide con\positions 
described in Claim Paragraphs 1 through 6, an adsorption 
reagent, a reagent for washing and a reagent for elution. 

[Claim Paragraph 9] Reagent kit used to extract nucleic acid 
or protein described in Claim Paragraph 9 [sic] where reagent for 
adsorption contains a kaotropic reagent, a buffer solution and as 
required an organic solvent. 

[Claim Paragraph 10] Method of extracting nucleic acid or 
protein characterized in that cells containing protein or nucleic 
acid are mixed with any of the silica particle compositions 
described in Claim Paragraphs 1 through 7 and with a reagent for 
adsorption, the protein and nucleic acid are extracted from the 
said cells, the nucleic acid and protein are bonded to the said silica 
particles, the residual ingredients are separated, and after 
washing the said silica particles, the nucleic acid and protein 
bonded to the said silica particles are eluted. 
[Procedural Revision 2] 

[Object Of Revision] Specification 
[Object Of Revision Portion] 001 1 
[Method Of Revision] Change 

[Content Of Revision] 

[0011] Silica particles constructed from these ingredients are 
substances having specific gravities heavier than water, they 
precipitate when suspended in water to form hard pellets on the 
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bottoms of vessels, and are ordinarily difficult to keep in a 
suspended state in aqueous solutions for long periods of time. 
Particles used for nucleic acid adsorption in the field of molecular 
biology in particular often have diameters on the order of about 
0.1 to 100 jim, and many of them have these properties. 
End. 
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[0013] mmt^mmmh \^x\±. wEm\m 

nr}Vn~MWmmML.. WA^'^^^t^t^i^. EH 
^ffi'ftJ^co^HtCi^y;??^?*:*^-^-!.. itfOiotLT 

xy^gJit) ^Jinx.T?L-ft,L, W/O MxvyPi^ H y^^rJFM 

[0014] ^ y ^ ^ AMK-ftft h <7)a-^* 

oT. ©-^^Oirt^ffim^On 0 0 — 8 0 Om2 /gT'Si 

®±iBit-fbi^*ii^y;^fTifta§tiTi3'9, 

^ s :fi-c "9 , <BiMm.\\L^<^mm.fj'^ i o — 6 o w t % 

Xh , ®W&.^ y ^ fiT^O:^H«?Lttg*^' 0 . 1-6 
0 n mt-fe 0 , ®atti^ y ;^fe-?cOffl7L^*^ 0.01 

— 1 . 5 m 1 / g T'S> y , ^ t -C. ^- y 
a^g^iO. 1 — 1 0 0, L<{±0. 5 — 15Aim 

[0015] j: 3 y ^ t fSS^MS^JlK^tft 
tc7)«-^#:t LTfi. i^7K»J5IS«?a'l4vy7!?m^ (S 
gl-10//m. 0HK'fl:i^S^^3O%(w/v) it 
*B«2 8 0m2 /g^ «B*B?Llt:S2 — 6 nm, ffl?L 
®W0. 0 2 5m 1/g) 7:)if?IJ^J^$tLS« 

[0016] rifmmzxWi\-^hfihmmmh\t. wm^ 
mmtfz\mmmwm:M . "mmmmh t 
)VA^)-^w,. r)V:f}^)±mM. t.fzitry'^-r<7)j\ 
uyy'imt.fz^i^-^i^rymts.^^tsmw.iom d . m 

a. r;t^^y#K. r;i-;^f y±^^K^/cJiryt-r 
m. y A . mit7'/^^i^'^M.<7)7mmifi^-^^fih . 

ht)0. 5M, 4ft L<(i3 — 1 OMOajiSt^Tffiffl 
■rS, 0. 5M*}tT-i5.S.i:, >'y;<ffe^<7):«-Hi14A>-l£ 

[0017] ±Mmm.itimm.-9} . mtimmm. 

- b mt. fz{mw^mvj:^^^^Lx\ ^x^^^w 
[0018] :^mR^zxm\-^^fit^mm.hi±. 

^mm.^fz\mT)v=i-)vcr)mmx-m , 
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av^o *?6BHT{ilSi(OillJK3&«^i'-^< 1 1 4 0 (w/v) 

%. iiFS t<i±5 0 — 6 0 (w/v) %Thl. 40(w/ 
v) %*iST-S)St. >'U^&^^<7)^^t5[tt*i-fiTt. + 

[0019] Mi^c^ymm'^Tco^Wimi. mm. 
[0020] mi^vAm^^mmm^t^^^jm^b^j: 

[00 2 1 ] mmmziinhmm.<^m^b\--^om-b^h 
^t^t. '^>j:^-m^commizii. mmcommtPiii-tt 

i t mjt u\ ttz. »mt Lxii. i^it-r h u ^ 

i,zmtv-f--'yM.tmhm^u:^^^ti,z< < . utiTv^-s. 
[00 2 2] :^^9tm^mm'ti>iz'^tz d . ±iei!ii»s^ 

i±mT)\^^-)]y(DmmmmimmmmcoRmmi,zmib 

mcomm^MiK-t^zbmi-tLKK mz. mmm^'^ 
uMii^izm.m^-^6i.o^j:i»-^. R!Bmznib1^^td 

^yco^-^mmizx O . ^tfOWtt^lt^:ft'5r b'iz 
[0023] :^^mi,Zj: ^ y ^S^ffifiSct^i, i:tacO 

m\,^z^ vA^b' cornet: immM^mzhti -yx. Atm 

m^^z-h^mm^zu-:izbf/x'^ . n^c^mmm^:^-^ 

Km^mb^^^hmm^. v-^ i^nf-i-^'ioit^-ri^- 
b^O^ji imz^m-^mm) ^m^'^tzj^mmmz 



Kc^®*^f ijffl Ltzmmcommmm^j: b'^mm^n^ . 
tfz. =^u:ffn^^mmLfzM^^j:m^. mtmrnm 

mm. tm^j:b-coj^m^^i')mmi>^mxt^,i.. 
[0024] y^^tmco-mmmm t ltw . u ^ t s 
^m^-Amm^m^sb^bcDm-^m^ m'&i^vMiL^ ■. 

t fzi,±mit u ^'yMzmm Lfzm.j&m'^h h , mmm 
^mmtt zb^zx^. ^'^Lfzit^mmmc^Amiii^ 

[00 2 5] ^tz. ^wrnii-^} m^Tm.mia^w&M 
w^-nmbLxi^i. wm^tii-zmm^=^'>}yy~^ 

iYtXi-y y'Mzm.A Lii-a-r ^ ^riSfc J; t/'^SrS LX 
[00 26] S ^tC. 3|s^H§c7)^tSJ WN-^'Hft 

fzii^'y^'^i^m^m^izm.m-^'^^fz^cDm.mmmm. 

mi'izmmLrzmmm!&^^m^-t^m»mmm}iX 
mii'mm-f)^i>m^tfzi±^y^-^^m^:miii't^fzi^(D 

V) i-:^>-rymi-h'j^i^. mmifzi,i:itit,cr>M-^ 
!ri!i^f£7);^5rbcru-y ^mm^£b^:^m\^^^rii . ttz. 
mmmmmii. mmmmm. ^^j^y^wm. h'jxs 
mmj: b'commm. j^^uyi^-r s ymmm-h h u ^ a 

(EDTA) tcb'cr)^l^~hmisi:t/ytfzli:c^y~ 
)Vt£ b<mm^n^^m LTi i> J; V Steffi 

[0 0 27] ^/i, SK^fc{i^'yv^•^'®$ratli•r'Sfc 
w^m^-fYiiz-^^fLhwm^'&^i^tvrznnxn 

{S\ 9 y>^9'».i6i.xf^^-^^mm,^^M~y^) f}WF 

i xf^t. tzM^yf-^'^'mmmwMbm.-^ l 

X. mmmt-^^yy^^miiXi/mmim'otiiL, 
'jmtT^z^yf^7'^±fzii^mm^-^^^x. n^.<7y 
^■^b^m^^. mi^'jmttf-^-dmtfz^k. is^-u^ 
WF-\,zm^Lrzmmt.tz^i9y-''<':^'R^m\i^^^tzb 
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[0028] 

1 m^mmm 



( 1 ) m^t^-v^f/n^^mcomm 

0%(w/v) -ir^. J:blRffi«2 8 0in2 
@2~6nm. m^WO. 0 2 5 m 1 /g : l^7^:?fij|W 

M) 0. 4g^TlB«ltc^S5flSfk-^fe^#0?tMl 



[00 29] ( 2 ) 

( 1 ) izxmmLfz. mitiyu ^n^mmm^tL^'ti^: 

L, 1ml '^^jy'J ( ^!l=i^±m : S S- 0 1 T) t^T 

im \ COS ^t-c-oRBi I fz. ^com. >-'jy'Jim^ 
'Salx tens l . 5 j^mzmm t y ^ t co^ 

HSrSS. -r^*>*>. Wf-tmra. l£05>f L 
/iA^J-W£L/i. aiJS{±2Sffv>. T^Lfc-!?-ffi(7)©§ 

fISH^TIB^I t-^^t", 
[0030] 
[^1 ] 











0, 


9 5 






0, 


9 9 


5 M:^^t ^}^^ umm 




0. 


9 7 






0. 


9 4 






0. 


9 4 






0. 


9 4 






a. 


9 3 






0. 


9 0 






0. 


8 8 






0, 


9 6 


2uiK^^ ^- 0 L.mm 




0, 


9 5 






0 . 


8 5 






0. 


8 9 






1 . 


0 0 






0. 


9 1 






0. 


8 3 


^ ^% (wX v) v;L. h - 




0. 


9 9 


5 0% (w/v) ^'j-fe-ij > 


mm 


0 . 


3 S 






0 . 


7 0 



[0031]:^! i}-^hmhi}-^'^j:i. o \,Z. mtf- h 'J 

W 5 ^mz 7 0 % * X^mifi-r^ L:^cO tcM LT . 9 0 

y=^-^J4m.iii.Xf2M<r>m\:~^^^i^'^J-.Wmi>zt6 
V^Tfi, 0. 9 5miC0^m.m'i%t^K^,^hifi'it-h-'^ 
fz. 

[0032] JScomStC-PV^TiiJ^-ftUf-'^AtCfcV^T 

0. 5Ml.:Jl±tC-CS^T-SbO. 0. SMtCfcV-iT 

^-w&.timv^^tiiihji-'yfz. tfz. mmmmcTymmz 

-:>\^Xi,i.-^-/A'C3~X{,zii\^X. 4 0% (w/v) J^JLh 



cojmm^-mi^^mmt. mmfpi,zm»Lx\^:^mmcr> 
mmtixv^^c7)mmt,z:k.^<:^^ni>zbtim^i}^b 

[00 33] t.fz. 5 ^Jf*^0|4^c7)^^^^^ 5 M<7) 

0 wmza \,^xi> mMt!:^^^^ ^ ti . m^y\<mmimz}o 

V^T{Sii-fJ*/&i'0. Al^lTX-^i-ofzCDlzMl. 5Mmt 

ui-^j^mmimziii^^xi±o. ei^j.^xh-jfz m 

1 ) o 

[0034] mmm2 ^^^m. 
( 1 ) n^mmmcomm 

( 5 MJSil: 'J m.^7i< ) ^ 2 m 1 PMLJt » 

[00 3 5] 2. 5m 1 ^gfiioayt'f--yr (X>y-^y 

t ( 1 ) ^cT. mizmmLxh?>5Mm^tu 
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i'^j>,i6Xxm^7iicom&'^ u mi-fm?sm^ 1.2m 

Lfz. 

[0 0 3 6] -?-<7)ISS^I12CC^t- o m2t^fi>m^:^^^ 
J:dt,z. 5MMitVi-^Mz^Lfzm&i^UAm^^ 

■ifOLLfzhcnii. mmyHi^zmmLfzijCOlztt^^ SSt 

i^fflx 10 0) ii^M'tiO . 94%RU\ 3. 26% 

Thr>fz. zc^M^-i^ii. Wi±^tifzmmm<^iz^^ 
tt:^mmiH-cr,mmi,zmmLx\-^htmm^rL^. 
[0037] m^yK.mmm^mM^mLfz^'^. mm^ 

iol 3#Sttc0^m:i3V^T. ^cr>W<^^fifzm<^M. 



m.t-w.^i,zmwL. 1 3^^\m. w^i^zm^y^^m^ 
wtc^a-r ^ z. h *-'^sgt:^^ i t -ifi^^fLfz . 

[0038] 

7mm¥^z^Wi^^xii<zb-hmmz-«]t'^hti:h. t 

[Hffitoffim^iliB^] 

[HI] U *S^!SSM<7)^HSJ*i:3RS^^k i?) 

[112] JKtt^-U^S^^jSfg^aigi^aLfc^iT). ^ 



[HI ] 




5M «ftU5=-i:'ASjSl 
3KS7K 



0 5 10 20 30 
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[02] 




[¥MMiEl ] 

[ if *ii 3 ] Mmmtfci±^mMmiW. r/i-^ u # 
ft. 

[11^316] JtM*n. 0-1 . 8-CS)-3T. ^@3^' 



0. 1-iooAtm-c-*)^ ^K^bssi^B^B. ^as^tas 
y ^ ^ «± u 7^ t ©Miitt^as^bft t 

>t{iii'^^r< tt4o(w/v) xx'hhwm^. ^m%.^fz 
}:.~th»±fz\t9 y^-^^mmmm^' y *?iE^ffli?aft» 
If 1 - 6 cov ^-fft;^- 1 mmcoi^ y ^^i^iusiiftisri*^ 

;&fiE-?ffl^ft. ^yfffl^tJitXj^mffliS 

iS«?gfcJ;l^V^^gt;J; *3 &^*^l> 115^319 IB 

m<^mmt tziti^y^'^^WMtiimMm^ v h » 
[|f*iR 10] ^ i vsK^-^tf«*ff 

iKiR 1 - 6 CO V ^-fixf)^ 1 illStfeO y ffiJtJfSilii X 

[*M«iE2] 
[MiEM^^^iS] BJffl» 
[ffliB!t«iIB«] 0 0 11 
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[0011] ZtLh(^lS,-^X i9«)tSifxl> V 'J:^&^ 



m.m^j:t'izmm^ixxv^utL^ii. mmfmo. i-i 



